
US007475006B2 

(12) Ulllted States Patent (10) Patent N0.: US 7,475,006 B2 
Weise (45) Date of Patent: Jan. 6, 2009 

(54) METHOD AND APPARATUS FOR PARSING 5,317,647 A * 5/1994 Pagallo ..................... .. 382/161 

TEXT USING MUTUAL INFORMATION 5,418,717 A * 5/1995 Su et a1. ...................... .. 704/9 

5,819,260 A * 10/1998 Lu et a1. ...................... .. 707/3 

(75) Inventorr David N- Weise, Kirkland, WA (Us) 6,278,967 B1 * 8/2001 Akers et a1. .................. .. 704/2 

(73) Assignee: Microsoft Corporation, Inc., Redmond, 
WA (U S) 

OTHER PUBLICATIONS 

( ) Nome‘ 8:350?51122132312112;3133x1251; U.S.App1. NO. 09/620,745, ?led Jul. 20, 2000, David Weise. 
% S C 154 b b 1869 d3] Sharons A. Carabollo et al., “New Figures of Merit for Best-First 

' ' ' ( ) y ys' Probabilistic Chart Parsing,”Ass0ciati0n for ComputationalLinguis 

_ tics, vol. 24, N0. 2, pp. 275-298 (1998). 
(21) Appl' No" 09/903’055 U.S. Appl. NO. 09/620,745, ?led Jul. 20, 2000, David Weise. 

(22) Filed: Jul. 11, 2001 * Cited by examiner 

(65) Prior Publication Data Primary ExamineriDaniel D Abebe 
(74) Attorney, Agent, or FirmiTheodore M. Magee; 

US 2003/0083861 A1 May 1, 2003 Westman’ Champhn & Kelly’ R A‘ 

(51) Int. Cl. 
G10L 15/00 (2006.01) (57) ABSTRACT 

(52) US. Cl. .............................. .. 704/9; 704/2; 704/250 

(58) Field Of Classi?cation Search ................... .. 704/9, A method and parser are provided that generate a score for a 

_ _ _ 704/2, 250 node identi?ed during a parse of a text segment. The score is 
See aPPhCaUOn ?le for Complete Search hlstol'y- based on a mutual information score that measures the mutual 

(56) References Cited information betWeen a phrase level for the node and a Word 
class of at least one Word in the text segment. 

U.S. PATENT DOCUMENTS 

4,868,750 A * 9/1989 Kucera et a1. ................ .. 704/8 6 Claims, 7 Drawing Sheets 

302 \S ‘1 INPUT TEXT SEGMENT 

V 

303 \§\ SEGMENTATION UNIT 

LEXICAL LOOK-UP 
AND 

304 \l\l MORPHOLOGICAL 
PROCESSOR 

305 \% sEEDING UNIT 

312 
CANDIDATE METRIC f 

306 \§\ LIST CALCULATOR 

NODE 
307 \S\ SELECTOR 

308 \S\ CHART ‘ RULE ENGINE @ 309 

T 
RULES 310 





US. Patent Jan. 6, 2009 Sheet 2 of7 US 7,475,006 B2 

// 200 
/ 
MEMORY 

202 210 

PROCESSOR ,__ 204 
_/ APP(S) } 

206 \ 214 

\ OBJECT , 
1/0 f STORE \216 

20s 

KCOMMUNICATTO 1 
INTERFACE 

FIG. 2 



US. Patent Jan. 6, 2009 Sheet 3 of7 US 7,475,006 B2 

302 \S\ INPUT TEXT SEGMENT 

J, 
303 \S\ SEGMENTATION UNIT 

V 

LEXICAL LOOK-U? 
AND 

304 m MORPHOLOGICAL 
PROCESSOR 

0 

305 \§\ SEEDING UNIT 

V 

3 12 
CANDIDATE ‘ METRIC 5’ 

306 \§\ LIST CALCULATOR 

0 

V 

NODE 
307 \S\ SELECTOR 

V 308 @ CHART RULE ENGINE \P 309 
A 

RULES \S\ 310 

FIG. 3 



US. Patent Jan. 6, 2009 Sheet 4 0f7 US 7,475,006 B2 

410 7/AJP4 

AVP§AIP3 COMPCL 
40s 

AJP2 INFCL PP SUBCL 

406 5 

AJP1 CHAR AJP AVP 

404 S Q 
414 

403 
ADJ POSS I 

402 5 

400 50mm) FIG. 4 



US. Patent Jan. 6, 2009 Sheet 5 of7 US 7,475,006 B2 

500 y DEFINE WORD CLASSES 

V 

502 \3\ DEFINE PHRASE LEVELS 

PARSE A CORPUS OF SENTENCES AND 
504 \IN ANNOTATE WITH WORD CLASSES AND 

PHRASE LEVELS 

V 

DETERMINE PROBABILITIES 
506 FROM ANNOTATED CORPUS 

FIG. 5 

600 9 TOKENIZE INPUT SEGMENT INTO WORDS 

i 
602 ADD PSEUDO-WORDS BEGIN AND END 

I 
GENERATE CANDIDATE NODES FOR 

604 \\\ PSEUDO-WORDS AND FOR EACH 
PART OF SPEECH FOR EACH WORD 

L 
DETERMINE SCORE FOR EACH 

606 \5\ PART-OF-SPEECH NODE 

V 

BOOST HIGHEST SCORING PART-OF- FIG 6 
608 3 SPEECH FOR EACH WORD TO MAXIMUM ‘ 



US. Patent Jan. 6, 2009 Sheet 6 0f7 US 7,475,006 B2 

Promoted Prior Art Node Contents 
node Goodness 

Measure 
CHARI 1.00000 "7" 
NOUN1 1 .00000 "Mary" 
VERB1 1.00000 "kissed" 
VERBZ 1 .00000 "say" 
NOUNZ 1.00000 "John" 
VERB3 1.00000 "did" 
PRONl 1 .00000 ”Who” 
BEGIN 1 1.00000 "" 

NPl .99770 "Who" 
VPl .99770 "did" 
NP2 .99770 "John" 
VP2 .99770 "say" 
VP3 .99770 "kissed" 
N133 .99770 "Mary“ 
VP4 .04498 "kissed“ "Mary" 
PTPRTCLI .04732 "kissed Mary" 
VPS .01294 "did" "John" 
VP6 .01510 "Who" "did John" 
NRELI .01419 "Who did John“ 
COMPCL1 .00923 "kissed Mary" 
COMPCLZ 0069?. "did John" 
VP7 .00318 "Who" "did" 
VP8 .00178 "John" "say" 
VP9 .00093 "say“ "kissed Mag" 
VP! 0 .03837 "John" "say kissed Mary" 
VPl 1 .00603 "did" "John say kissed Mary" 
COMPCL3 .003 54 "did John say kissed Mary" 
COMPCL4 .00298 "John say kissed Mary" 
VP12 .001 17 "Who" "did John say kissed Marv" 

FIG. 7 



US. Patent Jan. 6, 2009 Sheet 7 on US 7,475,006 B2 

Promoted SMTI Node Contents 
node Goodness 

Measure 
CHARl 1.00000 "?" 
NOUNl 1.00000 "Mary" 
VERBl 1 .00000 "kissed" 
VERB2 1.00000 "say" 
NOUNZ 1 .00000 "John" 
VERB3 1.00000 "did" 
PRONI 1.00000 "Who" 
BEGINl 1.00000 " " 

NP} 5.7829 "Who" 
VPl 1.7016 "did" 
NP2 3 .683 8 "John“ 
rW2 2.0978 "say" 
VP} 0.0456 "kissed" 
NP3 2.5503 "Mary“ 
VP4 2.8841 "did“ "John” 
WHCLl 2.4027 "Who" "did John" 
VPS 1.5142 "kissed Mary" 
COMPCLI 165.77 "kissed Mary" 
VP6 14. 57] "say" "kissed Mary" 
VP7 36.7850 "John" "say kissed Mary" 
INFCLI 5.8604 "John“ "say kissed Mary" 
VP8 5.2955 "did" "John say kissed Mary" 
VP9 173 .593 "Who" "did John say kissed Mary" 
QUESI 22080 "Who did John say kissed Mary" ? 

FIG. 8 



US 7,475,006 B2 
1 

METHOD AND APPARATUS FOR PARSING 
TEXT USING MUTUAL INFORMATION 

BACKGROUND OF THE INVENTION 

The present invention relates to natural language process 
ing. In particular, the present invention relates to parsing 
natural language text. 
A natural language parser is a program that takes a text 

segment, usually a sentence, of natural language (i.e., human 
language, such as English) and produces a data structure, 
usually referred to as a parse tree. This parse tree typically 
represents the syntactic relationships betWeen the Words in 
the input segment. 

In general, natural language parsers build the parse trees by 
applying syntax rules to the input text segment. Parsers apply 
these rules in either a “top-doWn” or a “bottom-up” manner. 

In a bottom-up parser, all of the possible parts of speech for 
the individual Words of the input text are ?rst identi?ed to 
form a set of Word tokens. The parser then attempts to com 
bine the individual Word tokens into larger syntactic struc 
tures such as noun phrases, and verb phrases by applying 
syntax rules to the tokens. The resulting larger structures 
represent candidate nodes for the parse tree. The parser con 
tinues to try to build larger and larger structures by applying 
syntactic rules to previously identi?ed candidate nodes.A full 
parse is achieved When a node spans the entire text segment. 

The performance of a parser is based on its speed and its 
accuracy. Very accurate parsers can be formed by adopting 
exhaustive search strategies that build all of the possible full 
parse trees before identifying a “best” parse tree. 

Although exhaustive-search parsers are accurate, they are 
also sloW. To make the parse faster, the prior art has developed 
various techniques that prioritize the order in Which nodes are 
formed during parse tree construction. The goal of these 
techniques is to form the correct parse While generating a 
minimum number of intermediate candidate nodes. Ideally, 
all of the candidate nodes that are formed Would eventually be 
found in the ?nal parse tree. 
One prioritizing technique involves ordering the rules that 

are applied to the nodes and tokens so that rules With high 
probabilities of forming part of the ?nal parse are applied 
before rules With loWer probabilities. Other techniques order 
the tokens and candidate nodes based on some metric or 
“goodness measure” that indicates the likeliness that the node 
or token Will appear in the ?nal parse. The nodes or tokens 
that are higher in the list are used to form larger nodes before 
the nodes and tokens that are loWer in the list. 

Examples of metrics used to order the nodes include heu 
ristic scoring techniques. These techniques assign starting 
scores to each of the tokens and provide some formula for 
generating scores for the larger nodes based in part on the 
scores of the tokens and intermediate nodes beloW the larger 
nodes. Other metrics include simple statistical metrics that 
count hoW frequently a node of a particular type, such as a 
verb phrase or noun phrase, appears in parse trees formed 
from a training corpus. 

In one prior art technique, a more advanced statistical 
metric is used that utiliZes more than just the node type When 
determining the probability of the node. In this technique, the 
headWord of the node (the Word that carries the focus of the 
segment spanned by the node), the phrase level of the node 
(the relative complexity of the phrase), and the syntactic 
history (such as Whether or not the node is passive) are used to 
further divide the probability space so that the probability 
associated With a node better describes its actual probability 
of occurring in a parse tree. 
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2 
Although these techniques for guiding the search for a 

parse tree have reduced the time needed to form the parse tree, 
there is an ongoing need to further reduce the parse time. 

SUMMARY OF THE INVENTION 

A method and parser are provided that generate a score or 
metric for a node identi?ed during a parse of a text segment. 
The score is based on a mutual information score that mea 

sures the mutual information betWeen a phrase level for the 
node and a Word class of at least one Word in the text segment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a general computing environ 
ment in Which the present invention may be practiced. 

FIG. 2 is a block diagram of a mobile device in Which the 
present invention may be practiced. 

FIG. 3 is a block diagram of a natural language parser. 
FIG. 4 is a diagram shoWing various phrase levels for 

adj ectival phrase nodes. 
FIG. 5 is a How diagram for training a parser under embodi 

ments of the present invention. 
FIG. 6 is a How diagram for seeding a candidate list. 
FIG. 7 is an example node chart formed using prior art 

goodness metrics. 
FIG. 8 is a node chart formed using the statistical trigram 

mutual information goodness metric of the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

FIG. 1 illustrates an example of a suitable computing sys 
tem environment 100 on Which the invention may be imple 
mented. The computing system environment 100 is only one 
example of a suitable computing environment and is not 
intended to suggest any limitation as to the scope of use or 
functionality of the invention. Neither should the computing 
environment 100 be interpreted as having any dependency or 
requirement relating to any one or combination of compo 
nents illustrated in the exemplary operating environment 100. 
The invention is operational With numerous other general 

purpose or special purpose computing system environments 
or con?gurations. Examples of Well knoWn computing sys 
tems, environments, and/or con?gurations that may be suit 
able for use With the invention include, but are not limited to, 
personal computers, server computers, hand-held or laptop 
devices, multiprocessor systems, microprocessor-based sys 
tems, set top boxes, programmable consumer electronics, 
netWork PCs, minicomputers, mainframe computers, distrib 
uted computing environments that include any of the above 
systems or devices, and the like. 
The invention may be described in the general context of 

computer-executable instructions, such as program modules, 
being executed by a computer. Generally, program modules 
include routines, programs, objects, components, data struc 
tures, etc. that perform particular tasks or implement particu 
lar abstract data types. The invention may also be practiced in 
distributed computing environments Where tasks are per 
formed by remote processing devices that are linked through 
a communications netWork. In a distributed computing envi 
ronment, program modules may be located in both local and 
remote computer storage media including memory storage 
devices. 

With reference to FIG. 1, an exemplary system for imple 
menting the invention includes a general-purpose computing 
device in the form of a computer 110. Components of com 
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puter 110 may include, but are not limited to, a processing 
unit 120, a system memory 130, and a system bus 121 that 
couples various system components including the system 
memory to the processing unit 120. The system bus 121 may 
be any of several types of bus structures including a memory 
bus or memory controller, a peripheral bus, and a local bus 
using any of a variety of bus architectures. By Way of 
example, and not limitation, such architectures include Indus 
try Standard Architecture (ISA) bus, Micro Channel Archi 
tecture (MCA) bus, Enhanced ISA (EISA) bus, Video Elec 
tronics Standards Association (VESA) local bus, and 
Peripheral Component Interconnect (PCI) bus also knoWn as 
MeZZanine bus. 

Computer 110 typically includes a variety of computer 
readable media. Computer readable media can be any avail 
able media that can be accessed by computer 1 1 0 and includes 
both volatile and nonvolatile media, removable and non-re 
movable media. By Way of example, and not limitation, com 
puter readable media may comprise computer storage media 
and communication media. Computer storage media includes 
both volatile and nonvolatile, removable and non-removable 
media implemented in any method or technology for storage 
of information such as computer readable instructions, data 
structures, program modules or other data. Computer storage 
media includes, but is not limited to, RAM, ROM, EEPROM, 
?ash memory or other memory technology, CD-ROM, digital 
versatile disks (DVD) or other optical disk storage, magnetic 
cassettes, magnetic tape, magnetic disk storage or other mag 
netic storage devices, or any other medium Which can be used 
to store the desired information and Which can be accessed by 
computer 100. 

Communication media typically embodies computer read 
able instructions, data structures, program modules or other 
data in a modulated data signal such as a carrier Wave or other 
transport mechanism and includes any information delivery 
media. The term “modulated data signal” means a signal that 
has one or more of its characteristics set or changed in such a 
manner as to encode information in the signal. By Way of 
example, and not limitation, communication media includes 
Wired media such as a Wired netWork or direct-Wired connec 

tion, and Wireless media such as acoustic, FR, infrared and 
other Wireless media. Combinations of any of the above 
should also be included Within the scope of computer read 
able media. 

The system memory 130 includes computer storage media 
in the form of volatile and/ or nonvolatile memory such as read 
only memory (ROM) 131 and random access memory 
(RAM) 132. A basic input/output system 133 (BIOS), con 
taining the basic routines that help to transfer information 
betWeen elements Within computer 110, such as during start 
up, is typically stored in ROM 131. RAM 132 typically con 
tains data and/ or program modules that are immediately 
accessible to and/ or presently being operated on by process 
ing unit 120. By Way of example, and not limitation, FIG. 1 
illustrates operating system 134, application programs 135, 
other program modules 136, and program data 137. 

The computer 110 may also include other removable/non 
removable volatile/nonvolatile computer storage media. By 
Way of example only, FIG. 1 illustrates a hard disk drive 141 
that reads from or Writes to non-removable, nonvolatile mag 
netic media, a magnetic disk drive 151 that reads from or 
Writes to a removable, nonvolatile magnetic disk 152, and an 
optical disk drive 155 that reads from or Writes to a remov 
able, nonvolatile optical disk 156 such as a CD ROM or other 
optical media. Other removable/non-removable, volatile/ 
nonvolatile computer storage media that can be used in the 
exemplary operating environment include, but are not limited 
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4 
to, magnetic tape cassettes, ?ash memory cards, digital ver 
satile disks, digital video tape, solid state RAM, solid state 
ROM, and the like. The hard disk drive 141 is typically 
connected to the system bus 121 through a non-removable 
memory interface such as interface 140, and magnetic disk 
drive 151 and optical disk drive 155 are typically connected to 
the system bus 121 by a removable memory interface, such as 
interface 150. 
The drives and their associated computer storage media 

discussed above and illustrated in FIG. 1, provide storage of 
computer readable instructions, data structures, program 
modules and other data for the computer 110. In FIG. 1, for 
example, hard disk drive 141 is illustrated as storing operating 
system 144, application programs 145, other program mod 
ules 146, and program data 147. Note that these components 
can either be the same as or different from operating system 
134, application programs 135, other program modules 136, 
and program data 137. Operating system 144, application 
programs 145, other program modules 146, and program data 
147 are given different numbers here to illustrate that, at a 
minimum, they are different copies. 
A user may enter commands and information into the com 

puter 110 through input devices such as a keyboard 162, a 
microphone 163, and a pointing device 161, such as a mouse, 
trackball or touch pad. Other input devices (not shoWn) may 
include a joystick, game pad, satellite dish, scanner, or the 
like. These and other input devices are often connected to the 
processing unit 120 through a user input interface 160 that is 
coupled to the system bus, but may be connected by other 
interface and bus structures, such as a parallel port, game port 
or a universal serial bus (U SB). A monitor 191 or other type of 
display device is also connected to the system bus 121 via an 
interface, such as a video interface 190. In addition to the 
monitor, computers may also include other peripheral output 
devices such as speakers 197 and printer 196, Which may be 
connected through an output peripheral interface 190. 
The computer 110 may operate in a netWorked environ 

ment using logical connections to one or more remote com 
puters, such as a remote computer 180. The remote computer 
180 may be a personal computer, a hand-held device, a server, 
a router, a netWork PC, a peer device or other common net 
Work node, and typically includes many or all of the elements 
described above relative to the computer 110. The logical 
connections depicted in FIG. 1 include a local area netWork 
(LAN) 171 and a Wide area netWork (WAN) 173, but may also 
include other netWorks. Such netWorking environments are 
commonplace in o?ices, enterprise-Wide computer netWorks, 
intranets and the Internet. 
When used in a LAN netWorking environment, the com 

puter 110 is connected to the LAN 171 through a netWork 
interface or adapter 170. When used in a WAN netWorking 
environment, the computer 110 typically includes a modem 
172 or other means for establishing communications over the 
WAN 173, such as the Internet. The modem 172, Which may 
be internal or external, may be connected to the system bus 
121 via the user input interface 160, or other appropriate 
mechanism. In a netWorked environment, program modules 
depicted relative to the computer 110, or portions thereof, 
may be stored in the remote memory storage device. By Way 
of example, and not limitation, FIG. 1 illustrates remote 
application programs 185 as residing on remote computer 
180. It Will be appreciated that the netWork connections 
shoWn are exemplary and other means of establishing a com 
munications link betWeen the computers may be used. 

FIG. 2 is a block diagram ofa mobile device 200, Which is 
an exemplary computing environment. Mobile device 200 
includes a microprocessor 202, memory 204, input/output 
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(I/O) components 206, and a communication interface 208 
for communicating With remote computers or other mobile 
devices. In one embodiment, the afore-mentioned compo 
nents are coupled for communication With one another over a 
suitable bus 210. 
Memory 204 is implemented as non-volatile electronic 

memory such as random access memory (RAM) With a bat 
tery back-up module (not shoWn) such that information stored 
in memory 204 is not lost When the general poWer to mobile 
device 200 is shut doWn. A portion of memory 204 is prefer 
ably allocated as addressable memory for program execution, 
While another portion of memory 204 is preferably used for 
storage, such as to simulate storage on a disk drive. 
Memory 204 includes an operating system 212, applica 

tion programs 214 as Well as an object store 216. During 
operation, operating system 212 is preferably executed by 
processor 202 from memory 204. Operating system 212, in 
one preferred embodiment, is a WINDOWS® CE brand oper 
ating system commercially available from Microsoft Corpo 
ration. Operating system 212 is preferably designed for 
mobile devices, and implements database features that can be 
utiliZed by applications 214 through a set of exposed appli 
cation programming interfaces and methods. The objects in 
object store 216 are maintained by applications 214 and oper 
ating system 212, at least partially in response to calls to the 
exposed application programming interfaces and methods. 

Communication interface 208 represents numerous 
devices and technologies that alloW mobile device 200 to send 
and receive information. The devices include Wired and Wire 
less modems, satellite receivers and broadcast tuners to name 
a feW. Mobile device 200 can also be directly connected to a 
computer to exchange data therewith. In such cases, commu 
nication interface 208 can be an infrared transceiver or a serial 

or parallel communication connection, all of Which are 
capable of transmitting streaming information. 

Input/ output components 206 include a variety of input 
devices such as a touch-sensitive screen, buttons, rollers, and 
a microphone as Well as a variety of output devices including 
an audio generator, a vibrating device, and a display. The 
devices listed above are by Way of example and need not all be 
present on mobile device 200. In addition, other input/ output 
devices may be attached to or found With mobile device 200 
Within the scope of the present invention. 

FIG. 3 provides a block diagram of a parser 300 in Which 
the present invention may be practiced. In parser 300, a seg 
mentation unit 303 divides an input text segment 302 into 
individual Words, Which are passed to a morphological pro 
cessor and lexicon look-up 304 to identify possible parts of 
speech for each Word. Under some embodiments, the mor 
phological processor normaliZes the morphological form of 
the Words, if needed, before the Words are applied against the 
lexicon to ?nd the parts of speech. Each Word/part-of-speech 
pair that is identi?ed from the text segment forms a token that 
is inserted in a candidate list 306 as a starting node by a 
seeding unit 305. 
A parse tree is then constructed through an iterative pro 

cess. During each iteration, a single candidate node is pro 
moted from candidate list 306 to a node chart 308 by a node 
selector 3 07. The promoted node is then tested against rules in 
a set of rules 310 by a rule engine 309 to see if the promoted 
node can be transformed into a higher level node using one of 
the rules. This can occur by applying a unary rule to the 
promoted node by itself or by applying a rule that combines 
the promoted node With one or more of the nodes in node 
chart 308. 

During testing, the phrase types of the nodes under consid 
eration are compared to the phrase types required by a rule. 
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For example, a rule may take a verb phrase and a noun phrase 
to form a larger verb phrase. For such a rule, the promoted 
node and at least one other node in the node chart must 
provide the phrase types of noun phrase and verb phrase in 
order for the conditions of the rule to be satis?ed. If the 
appropriate phrase types are not present in the node chart, the 
next rule in rule set 310 is examined. 

Note that under some embodiments, the rules have addi 
tional conditions beyond the phrase types. For example, a rule 
may require number agreement (singular or plural) betWeen a 
noun phrase and a verb phrase. In addition, the rule may 
require a particular phrase level for one or more of the con 
stituent nodes. 
When the node chart contains nodes that satisfy a rule, the 

rule is executed to form a neW node. This neW node is then 
scored using a metric calculator 312. As discussed in the 
background, the prior art has utiliZed a large number of dif 
ferent metrics for scoring the nodes formed by rules. For 
example, the frequency of the node type, the headWord asso 
ciated With the node, the phrase level of the node and the 
syntactic history of the node have all been used to form 
metrics for scoring the nodes. The present invention provides 
a neW method for scoring the nodes, as discussed further 
beloW. 
The scored node is then inserted into candidate list 306. 

Under most embodiments, candidate list 306 is sorted based 
on the score of each node, so that the node With the highest 
score is at the top of the candidate list. At the beginning of the 
next iteration, this top-most candidate node is promoted to the 
node chart. 
The iterations described above continue until one or more 

nodes are formed in node chart 308 that span the entire input 
segment. 
The neW scoring metric provided by the present invention 

is a statistical trigram mutual information metric that utiliZes 
the concepts of Word classes, phrase levels and mutual infor 
mation. 

Word Classes 
A Word class is a set of Words that have similar syntactic 

behavior. For example, all verbs could be grouped together in 
a single Word class or, alternatively, verbs could be divided 
into tWo Word classes: intransitive verbs, and all others. 
The Word classes do not have to be based only on parts of 

speech. For example, one set of Word classes used With the 
present invention can be broken into four categories. The ?rst 
category includes tWo marker classes, BEGIN and END, that 
are used to ensure that there is at least one Word class to the 
left and to the right of every possible candidate node. The 
BEGIN Word class is used to mark the beginning of the text 
segment and the END Word class is used to mark the end of 
the text segment. Thus, a candidate node that includes the last 
Word of the text segment Will have the END class as the Word 
class to its right. 
A second category of classes are parts-of-speech. Under 

one embodiment, these classes include: nouns, plural nouns, 
verbs, adjectives, articles, possessive pronouns, determiners, 
adverbs, prepositions, preposition-conjunctions, conjunc 
tions, subordinate conjunctions, pronouns, re?exive pro 
nouns, and interjections. 
A third category of classes is individual Words. Under one 

embodiment, this category includes the single-Word classes 
of “it”, “there”, “that”, “this”, “be”, “do”, “have”, “hoW”, 
“to”, “both”, and “either”. 
A fourth category of classes is punctuation. This category 

includes classes such as: comma, double quote, left parenthe 
sis, right parenthesis, and character. 
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Those skilled in the art Will recognize that the Word classes 
listed above are only examples of possible Word classes. 
Additional or different Word classes may be used Within the 
scope of the present invention. 

Phase Levels 
A phrase level indicates the phrase type of a node and the 

relative complexity of the phrase spanned by the node. For 
example, a noun phrase that is formed by combining a deter 
miner With a smaller noun phrase Would be at a higher level 
than the smaller noun phrase. 

FIG. 4 provides a diagram of some of the phrase levels for 
adj ectival phrase types under embodiments of the present 
invention. Each phrase level is built from a loWer level adj ec 
tival phrase, either through a unary rule that promotes the 
loWer level phrase by itself or through a rule that combines the 
loWer level phrase With some other phrase type. 
At the base of the diagram is an actual Word 400 from the 

text segment, Which is identi?ed as an adjective by part-of 
speech node 402. Node 402 can be used to form a ?rst level 
adj ectival phrase 404, either through a unary rule applied to 
adjective node 402 or through a binary rule that combines 
node 402 With a possessive node 403. First level adjectival 
phrase 404 can be used in turn to form a second level adjec 
tival phrase 406, either by applying it to a unary rule or to a 
more complex rule, such as a binary rule that combines node 
404 With an adverbial phrase 414. In a similar manner, higher 
level nodes 408, and 410 are formed from loWer phrase levels 
in the diagram. 
Under one embodiment of the present invention, the fol 

loWing phrase levels are used When determining a mutual 
information score: 

VERB Verb part-of-speech 
CON] Conjunction part-of-speech 
NPl Noun phrase level 1 
NP2 Noun phrase level 2 
NP3 Noun phrase level 3 
NP4 Noun phrase level 4 
NP5 Noun phrase level 5 
NP6 Noun phrase level 6 
NP7 Noun phrase level 7 
NPS Noun phrase level 8 
VPl Verb phrase level 1 
VP2 Verb phrase level 2 
VP3 Verb phrase level 3 
VP4 Verb phrase level 4 
VP5 Verb phrase level 5 
VP6 Verb phrase level 6 
VP7 Verb phrase level 7 
VPS Verb phrase level 8 
VP9 Verb phrase level 9 
PRPRTl Past Paiticiple level 1 
PTPRTl Present Participle level 1 
INFCLl In?nitive Clause level 1 
INFCL2 In?nitive Clause level 2 
INFCL3 In?nitive Clause level 3 
SUBCLl Subordinate Clause level 1 
SUBCL2 Subordinate Clause level 2 
SUBCL3 Subordinate Clause level 3 
AJPl Adj ectival Phrase level 1 
A] P2 Adj ectival Phrase level 2 
A] P3 Adj ectival Phrase level 3 
A] P4 Adj ectival Phrase level 4 
AVPl Adverbial Phrase level 1 
AVP2 Adverbial Phrase level 2 
AVP3 Adverbial Phrase level 3 
AVP4 Adverbial Phrase level 4 
PPl Prepositional Phrase level 1 
PP2 Prepositional Phrase level 2 
PP3 Prepositional Phrase level 3 
PP4 Prepositional Phrase level 4 
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-continued 

PP5 Prepositional Phrase level 5 
COMPCLl Compound Clause level 1 
CONJPl Conjunctive Phrase level 1 
POS Sl Possesive Phrase level 1 
SENT Sentence 

Note that the set of phrase levels listed above is only an 
example of the possible phrase levels that may be used With 
the present invention. In other embodiments, some of these 
phrase levels are not used and/or other phrase levels are used. 

Mutual Information 
Mutual information measures the correlation betWeen tWo 

or more events. For three events, mutual information can be 
de?ned mathematically as: 

Eq. l 
106, y, z) =1Og 

Where I(x,y,Z) is the mutual information betWeen events x, y 
and Z, P(x,y,Z) is the joint probability of x, y and Z occurring 
together, P(y) is the probability of event y occurring, P(x,y) is 
the joint probability of events x and y occurring and P(y,Z) is 
the joint probability of events y and Z occurring. 

Alternatively, mutual information may be de?ned as: 

P(X, y, z) Eq. 2 

Under one embodiment of the present invention, the score 
applied to a node by metric calculator 312 is calculated as the 
mutual information betWeen a phrase level of a candidate 
node and Word classes of Words to the left and right of the 
candidate node. This statistical trigram mutual information 
value can be calculated either as: 

class of the Word to the left of the node, and Wc, is the Word 
class of the Word to the right of the node. 

Because Words can fall into more than one class, there can 
be several Word classes to the left of the node and several Word 
classes to the right of the node. One embodiment of the 
present invention generates a separate mutual information 
value for each possible combination of left and right Word 
classes. The individual mutual information values are then 
combined into a single value by Weighting each mutual infor 
mation value based on the probability of the Words to the left 
and right being in the particular Word classes. In terms of an 
equation: 
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I (node) : Eq. 5 

Where P(WCZ|WOI‘dZ) is the probability of Word class Wc 1 given 
the Word to the left of the node, and P(WC,|Word,) is the 
probability of Word class Wc, given the Word to the right of the 
node. 

Under other embodiments, the mutual information score 
does not use the Word class of both the Word to the left and the 
Word to the right of the node. Instead, the mutual information 
is calculated based on the phrase level and the Word class of 
either the Word to the left or the Word to the right. 

Before a text segment can be parsed using the mutual 
information scoring metric of the present invention, the prob 
abilities of equations 3 or 4 must be determined and the 
candidate list must be seeded With phrase-level nodes for each 
Word in the text segment. 

FIG. 5 provides a How diagram for determining the prob 
abilities used in equations 3, 4 and 5 and FIG. 6 provides a 
How diagram for seeding the candidate list. 

In steps 500 and 502 of FIG. 5, the Word classes and the 
phrase levels that Will be used are de?ned. In step 504, a 
corpus of sentences is parsed either by hand or by some other 
parsing system. During the parse, psuedo-Words BEGIN and 
END are added to the beginning and ending or each sentence 
to insure that each node in the parse tree has a Word class to its 
left and right. The parse trees formed by this parsing are then 
annotated With Word classes and phrase levels. Note that a 
single Word class is typically identi?ed for each Word in the 
corpus. 

At step 506, the probabilities for equations 3-5 are deter 
mined by counting the occurrences of Word classes and 
phrase levels in the corpus parse trees. In particular, the prob 
ability of a Word class, either to the left or to the right of a 
phrase level, is determined as: 

count of Words in Word class in corpus Eq. 6 
P(WCI) = P(WCr) = . 

number of Words in corpus 

The probability of a phrase level is determined as: 

count of nodes of PL phrase level in corpus Eq. 7 

number of nodes in corpus parse trees 

The joint probability of a selected Word class, SWCZ, being 
to the left of a selected phrase level, sPL, is determined as: 

count of (swcl, sPL) pairs 
J 

2 count of (Wei, PLj) pairs 
j:l 

Eq. 8 
P(swcl, sPL) : 

i 1 

Where the count in the numerator is the number of times the 
selected Word class appears to the left of the selected phrase in 
the corpus, I is the total number of Word classes in the corpus, 
and J is the total number of phrase levels in the corpus. 

10 
Similarly, the joint probability of a selected Word class, 

SWCV, being to the right of a selected phrase level, sPL, is 
determined as: 

count of (sPL,.swcr) pairs Eq. 9 
I 

count of (PLj, wq) pairs 
P(5PL, swcr) : 

The joint probability of a selected trigram (sWcZ, sPL, swcr) 
is determined as: 

15 count of (swcl, sPL,.swcr) trigrams 
P(swc,, sPL, swcr) : 

2!: J K l 21 2 count of (wot-PL], wck) trigrams 
i: j: /<:1 

Eq. 11 

20 Where I is the total number of Word classes found to the left of 
nodes, J is the total number of phrase levels, and K is the total 
number of Word classes found to the right of nodes. 

Lastly, the probability of a particular Word being in a par 
25 ticular Word class is determined as: 

count of times Word is in SW0 Eq. 12 
P(swc|Word) : % 

number of times Word appears in corpus 

30 

Where sWc is a selected Word class. 

Once the probabilities have been determined at step 506, 
the parser training is complete and the parser may be used to 
parse an input text segment. The ?rst step inparsing a segment 
is step 600 of FIG. 6, in Which the input segment is tokeniZed 
into Words. At step 602, the pseudo-Words BEGIN and END 
are added to the beginning and ending of the sentence. 

35 

Candidate nodes for the candidate list are generated at step 
604. Under one embodiment, a separate candidate node is 
generated for each possible part of speech for each Word in the 
text segment. These parts of speech can be identi?ed using 
lexicon look-up 304 of FIG. 3. Candidate nodes are also 
formed for the pseudo-Words BEGIN and END. 
At step 606, a score is determined for each candidate node. 

This score can be a part-of-speech probability, Which indi 
cates the likelihood that the Word Will take on the particular 
part of speech associated With the node, or it can be a mutual 
information score that is formed using equation 3 or 4 above. 
In order to use equations 3 or 4, a phrase level must be 
associated With the part-of-speech node because the node is 
technically not a phrase. This can be accomplished by iden 
tifying the loWest phrase level that Wouldbe formed by apply 
ing a unary rule to the part-of-speech node. This phrase level 
is then used in equations 3 or 4. 

40 

Once the scores have been generated, the highest score for 
each Word is identi?ed. In one implementation, the nodes 
associated With the highest score for each Word are then 

60 boosted at step 608 by setting their scores to the maximum 
possible score. This moves at least one node for each Word in 
the text segment to the top of the candidate list. 
Once step 608 is complete, the candidate list has been 

seeded, and the iterative process described above in connec 
tion With FIG. 3 above may begin While using the mutual 
information metric of the present invention. In some embodi 
ments, if tWo or more candidate nodes have the same mutual 
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information score, other prior art goodness measures, either 
heuristic or statistical, may be used to identify Which of these 
nodes should be promoted. 

Under one embodiment, the rules used in parsing are 
ordered such that unary rules are applied to the nodes in node 
chart 308 before more complex rules. This alloWs phrase 
level nodes to be formed from the part-of-speech nodes 
quickly so that the parse can be ?nished faster. 

In additional embodiments, directed search templates are 
used in conjunction With the present invention to identify 
spans in the segment that exhibit multiple-valid-parse prob 
lems. In a directed search, a candidate node is compared to a 
set of templates When it is eligible to be promoted to the node 
chart. If it matches one of the templates, nodes representing 
alternative constructions of the matched template are con 
structed, scored using the mutual information metric of the 
present invention and added to the candidate list. The highest 
scoring node is then promoted to the node chart. 
The improvement in parsing e?iciency provided by the 

mutual information metric of the present invention can be 
seen by comparing the node charts of FIGS. 7 and 8, Which 
are formed during the parse of the sentence “Who did John 
say kissed Mary?” The node chart of FIG. 7 is formed using 
a goodness measure of the prior art to score the candidate 
nodes. The node chart of FIG. 8 is formed using the mutual 
information metric of the present invention. As can be seen, 
the node chart of FIG. 8 contains feWer nodes, meaning that a 
full parse Was found faster With the mutual information metric 
of the present invention than With the prior art goodness 
measure. 

Although the present invention has been described With 
reference to particular embodiments, Workers skilled in the 
art Will recogniZe that changes may be made in form and 
detail Without departing from the spirit and scope of the 
invention. 
What is claimed is: 
1. A method of generating a score for a node identi?ed 

during a parse of a text segment, the method comprising: 
identifying a phrase level for the node; 
identifying a Word class for at least one Word that neighbors 

a text spanned by the node by: 
identifying a Word class for a Word to the left of the text 

spanned by the node; and 
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12 
identifying a Word class for a Word to the right of the text 

spanned by the node; and 
generating a score by determining a mutual information 

metric based on the phrase level and the Word class, 
Wherein determining a mutual information metric com 
prises determining a mutual information metric based on 
the phrase level of the node, the Word class of the Word 
to the right of the text spanned by the node and the Word 
class of the Word to the left of the text spanned by the 
node. 

2. The method of claim 1 Wherein identifying a Word class 
further comprises: 

identifying all possible Word classes for a Word to the left of 
the text spanned by the node; and 

identifying all possible Word classes for a Word to the right 
of the text spanned by the node. 

3. The method of claim 2 Wherein generating a score com 
prises generating a score based in part on all of the identi?ed 
Word classes. 

4. The method of claim 1 Wherein identifying a Word class 
comprises identifying all possible Word classes for at least 
one Word. 

5. A method of generating a score for a node identi?ed 
during a parse of a text segment, the method comprising: 

identifying a phrase level for the node; 
identifying a Word class for at least one Word that neighbors 

a text spanned by the node by: 
identifying all possible Word classes for a Word to the left 

of the text spanned by the node; and 
identifying all possible Word classes for a Word to the 

right of the text spanned by the node; and 
generating a score by determining a mutual information 

metric based on the phrase level and the Word class, 
Wherein generating a score comprises generating a score 
based in part on all of the identi?ed Word classes. 

6. The method of claim 5 Wherein determining a mutual 
information metric comprises determining a mutual informa 
tion metric based on the phrase level of the node, the Word 
class of the Word to the right of the text spanned by the node 
and the Word class of the Word to the left of the text spanned 
by the node. 


